Nauplii of the anostracan Chirocephalus ruffoi were grown until sexual differentiation under standard laboratory conditions (18 6 18C temperature; 12L/12D photoperiod; 1600 lux intensity; 200 individuals L À1 density) and fed algae (Selenastrum capricornutum), baker's yeast (Saccharomyces cerevisiae), or a lipid-enriched yeast (Lansy PZ). In parallel experiments, we evaluated survival, development, and increase in body length and weight (wet and dry). Differences among the treatments were analyzed by ANCOVA and Newman-Keuls multiple range tests. The length-weight growth data, log-transformed, were fitted using an orthogonal least squares method. The results show that food type has marked effects on the growth rate and survival of the animals. As previously shown in terms of nutritional effectiveness, enriched yeast produces the best culture results.
In brine shrimps, the use of cheap diets for mass culturing has been widely explored (Sick, 1976; Dobbeleir et al., 1980; Johnson, 1980; Sorgeloos et al., 1980; Brisset et al., 1982; Lavens et al., 1987; Robin et al., 1987; Basil and Pandian, 1991; Thinh et al., 1999) , but little comparable work has been done on freshwater anostracans (De Walsche et al., 1991; Ali and Brendonck, 1995; Munuswamy et al., 1997) .
The effects of different food types on the growth rate, maturation, and life-span in fairy shrimps were first investigated by Kallinowsky (1955) , Moore (1957) , and Sluzhevskaya (1975) . More recently, the growing interest in alternative live food sources for larval fish rearing has led to an increasing number of studies on the practical aspects of fairy shrimp rearing, because of their potential as mass producers of resistant cysts with long-term viability (Brendonck et al., 1990; Ali and Dumont, 1995; Maeda Martínez et al., 1995) .
Much information is now available on the effects of both culturing medium and food on the growth, survival, and cyst production of several species (Anderson and Hsu, 1990; Coutteau et al., 1990; De Walsche et al., 1991; Mitchell, 1991; Brendonck, 1993a, b; Ali and Brendonck, 1995; Ali and Dumont, 1995; Maeda Martínez et al., 1995; Mura, 1998; Ali et al., 1999; AnayaSoto et al., 2003) . Attention has also been focused on the nutritional value in terms of essential fatty acids (EFA) of fairy shrimps (Munuswamy et al., 1992; Mura et al., 1994 Mura et al., , 1997b Mura et al., , 1998 Mura et al., , 2000 Ali et al., 1995; Mura, 1995) and on the possibility of manipulating their fatty acid profile by means of diets (Mura et al., 1997a (Mura et al., , 1999 , as in the case of Artemia.
In a previous paper (Mura et al., 1999) , we discussed the effects of different diet compositions on the fatty acid profile of an Italian fairy shrimp species (Chirocephalus ruffoi Cottarelli and Mura, 1984) and of the cysts produced under such feeding conditions. In the present study, we evaluate the effectiveness of different diets in terms of length-weight relationships, sexual differentiation, and survival under laboratory conditions.
MATERIALS AND METHODS
The experiments were performed in a static culture system under standard conditions (18 6 18C temperature; 12L/12D photoperiod; 1600 lux intensity; 200 individuals L -1 density). Healthy free-swimming nauplii were hatched in the laboratory and transferred to cylindrical bowls (250 mL capacity) containing prefiltered sterile soil extract (Moore, 1957) renewed on alternate days (20%). Three food sources were tested: the alga Selenastrum capricornutum Printz, cultured in the laboratory on standard medium (Freshwater Institute CCAP, Cumbria); fresh commercially available baker's yeast (Saccharomyces cerevisiae); and a lipidenriched yeast (Lansy PZ) made available by INVE GROUP 2003Ó (www.inve.com) . The food levels and rations were selected according to Mura (1998) and maintained at a concentration of 10,000 cells/mL in the culture bowl for both the algae and yeasts. The food was administered every two days in a single dose (Moore, 1957; Mitchell, 1991) .
For the study of length-weight relationships, 50 individ-uals were fixed in 80% alcohol every 48 hours starting from hatching and continuing until 100% of the sample had sexually differentiated. The individuals were measured to the nearest 0.001 mm from head to anus (body length) with an eye-piece micrometer in a Zeiss compound microscope for the larval stages and a stereomicroscope for the juveniles and adults. After measurement, specimens were rinsed in distilled water and dried on filter paper. They were subsequently placed in groups in aluminium weighing pans. The mean wet weight was determined by using an analytical electromicrobalance (Swiss Quality, Precisa 80A-200M). The dry weight was calculated by weighing samples after drying in an oven at 1008C until constant weight. A parallel trial was performed in order to evaluate the influence of the three treatments on the survival of the animals, and for each experiment, were performed over three replicates.
One-way ANCOVA and Newman-Keuls multiple range tests were used to evaluate whether the length, weight, survival, and length at sexual differentiation were affected by the treatments. Length-weight relationships were examined by regressing dry weight (W) on length (L) after both length and weight data were transformed according to Bird and Prairie (1985) :
All regression lines were statistically compared according to Sokal and Rohlf (1995) to test the hypothesis of significant differences among slopes.
RESULTS
Length and weight (dry and wet) values for the three diets are presented in Table 1 together with the results of the Newman-Keuls multiple range tests. The patterns of increase in both body length ( Fig. 1 ) and body weight (Fig. 2) show that the greatest rise occurred when the nauplii were fed with Lansy PZ, with a maximum mean length of 4.90 mm and a maximum mean dry weight of 3.08 mg. The nauplii fed on baker's yeast attained a final mean length of 4.10 mm and a final dry weight of 2.20 mg, whereas those fed on algae reached a final mean length of 4.40 mm and a final dry weight of 2.87 mg.
In particular, the food type significantly affected the final length of the individuals (oneway ANCOVA: d.f. ¼ 2, F ¼ 83.54, P , 0.001), and the Newman-Keuls test indicated that most of the comparisons among treatments showed significant differences (Table 1) .
Similarly, one-way ANCOVA applied on the dry weight data revealed significant differences among treatments (F ¼ 4.45, d.f. ¼ 2, P , 0.05), essentially because of the progressive divergence of the patterns of weight increase typical of each diet starting from the sixth day of culturing.
The daily growth rate of the individuals fed enriched yeast (Lansy PZ) (0.32 mm/day) was significantly higher (P , 0.05) than the rates of the individuals fed on algae (0.28 mm/day) and baker's yeast (0.26 mm/day). The daily increase in body weight was also highest in the nauplii fed on Lansy PZ (0.30 mg/day); however, the difference in body-weight increase was only significant with respect to the individuals fed with baker's yeast (0.18 mg/day). Individuals fed enriched yeast attained sexual differentiation (100% of the sample, Fig. 3 ) in 12 days (mean length 4.9 mm, range 3.8-6.0 mm, SD 0.5) ( Table 1) , whereas those fed on S. cerevisiae (mean length 4.1 mm, range 2.5-5.8 mm, SD 0.9) and S. capricornutum (mean length 4.4 mm, range 3.8-6.5 mm, SD 0.7) differentiated only on the 14th day of culture.
In spite of the qualitative differences in the effects produced by the three diets, ANCOVA did not reveal significant differences in the sizes attained at sexual differentiation. In particular, the individuals fed enriched yeast attained adulthood at a mean size of 5.104 mm (range 3.40-6.90 mm, SD 0.91), whereas the individuals fed on algae or baker's yeast sexually differentiated at a slightly but not significantly greater length (algae: mean 5.343 mm, range 3.78-7.34 mm, SD 1.08; baker's yeast: mean 5.448 mm, range 3.68-7.50 mm, SD 1.17).
The life span of nauplii was 23 days on both the enriched yeast and algae diets but only 19 days on the baker's yeast diet (Fig. 4) . From the eighth day onward, the latter diet resulted in the highest mortality, and this trend persisted throughout the experiment.
In general, type of diet had a certain influence on the variation of survival data (F ¼ 4.76, d.f. ¼ 2, P , 0.05), although there was no significant difference between survival percentages of individuals fed Lansy PZ and those fed S. capricornutum. DISCUSSION Our study demonstrated a significant influence of food type on the growth, survival and, in part, sexual differentiation of Chirocephalus ruffoi. This is in line with previous findings on the length-weight or development patterns in other species of freshwater anostracans reared in the laboratory under different feeding regimes (Moore, 1957; Lake, 1969; Sluzhevskaya, 1975; Al-Tikrity, 1979; Sluzhevskaya-Drobysheva, 1982; Anderson and Hsu, 1990; Brendonck et al., 1990; De Walsche et al., 1991; Mitchell, 1991; Coutteau et al., 1992; Ali and Dumont, 1995; Maeda Martínez et al., 1995; Mura, 1998 ).
An interesting comparison is possible with the results recently obtained by Mura et al. (1999) for the same species grown under identical conditions (18 6 18C temperature; 12L/12D photoperiod; 1600 lux intensity; 200 individuals L -1 density) and fed S. cerevisiae, Lansy PZ and S. capricornutum. They found a good correlation between the fatty acids profiles of adult shrimps and the diets on which they had been fed; the mean total lipid contents were 26.8 mg/g dw in the animals fed on baker's yeast, 43.2 mg/ g dw in those fed on S. capricornutum, and 55.3 mg/g dw in those fed on enriched yeast (Lansy PZ). Our results also show that Lansy PZ and algae produce higher growth rates in C. ruffoi than baker's yeast. Furthermore, although the algal diet did not result in a shorter time until sexual differentiation than baker's yeast, its use led to significantly higher survival, in agreement with most of the previous observations on anostracans (Kallinowsky, 1955; Ivleva, 1973; Coutteau et al., 1992) . In fact, although baker's yeast was considered the best food among those evaluated at the time of the first studies on this topic (Moore, 1957; Gaudin, 1960; Baqai, 1963; Prophet, 1963; Sluzhevskaya, 1975; Meade and Bulkowski-Cummings, 1987; Anderson and Hsu, 1990) , Coutteau et al. (1992) reported that a monodiet of baker's yeast gave poor results in culturing Artemia and Streptocephalus proboscideus. Maeda Martínez et al. (1995) , standardizing a culturing method for freshwater anostracans based on diets free of live algae, suggested that baker's yeast presents problems of digestibility and nutritional deficiencies.
However, in a study on Chirocephalus kerkyrensis Pesta, 1936, and Branchipus pasai Cottarelli, 1969 , cultured under standard laboratory conditions (12L/12D photoperiod; 1600 lux intensity; 100 individuals L -1 density) and fed different diets, Mura (1998) observed that at 15-208C, algal food S. capricornutum produced the worst growth in both species, whereas enriched and fresh baker's yeast were the most successful diets. Previous observations (Mura et al., 1997a) had shown that individuals of these two species reared under identical experimental conditions and fed on algae were characterized by much lower total lipid contents (17.57 mg/g dw in B. pasai and 23.14 mg/g dw in C. kerkyrensis) than those fed baker's yeast (29.43 mg/g dw and 31.86 mg/g dw respectively) and on Lansy PZ (65.29 mg/g dw and 28.86 mg/g dw respectively). Moreover, the difference in EFA levels between the two species fed on the same diet suggested species-specific differences in food conversion efficiency.
The length-weight relationship varies among branchiopod species (Daborn, 1974; McCauley, 1984; Geller and Müller, 1985; Kawabata and Urabe, 1998) . Hence, regression equations should be established for each of the species to be considered. In contrast, intraspecific variation of this relationship has been found only for Cladocera (Duncan, 1985; Kawabata and Urabe, 1998; Cauchie et al., 2000) . In laboratory experiments, Kawabata and Urabe (1998) showed that poor food conditions reduced the b coefficient from 2.73, obtained at high concentrations, to 2.70 in Daphnia galeata Sars, 1864, and from 2.62 to 2.57 in Bosmina longirostris O. F. Müller, 1785.
Our results demonstrate that the lengthweight relationship in C. ruffoi differs depending upon diet used and that both the slope (b) and height (lnq) of the regression equations are rather different. Thus, in our case, the growth from nauplius through a succession of metanaupliar stages to the adult form can be represented by single length-weight regression coefficients for each diet. The first model, representing the animals fed with baker's yeast (b ¼ 2.42), shows an increase in size primarily in terms of length. The second model, representing the animals fed with Lansy PZ, is characterized by a relatively rapid increase in weight, with a b value greater than 3 (3.33). The third model, describing the growth of the animals fed with algae, has a b value closer to 3 (2.81), typical for isomorphic growth (Reeve and Huxley, 1945) .
Based on the above considerations, it can be concluded that the most successful feed among those analysed, in terms of nutritional value, biomass increase, and survival, is unfortunately the most expensive one, i.e., Lansy PZ.
Although much research has been devoted to the development of cheap food sources for Artemia culturing (Sick, 1976; Dobbeleir et al., 1980; Johnson, 1980; Milligan et al., 1980; Lavens et al., 1987; Basil and Pandian, 1991; Fábregas et al., 2001) , little comparable work has been done on fairy shrimps. It has been proven possible to feed fairy shrimps with lowcost agro-industrial waste (De Walsche et al., 1991; Ali and Brendonck, 1995; , but much research is needed to investigate the nutritional value of these lowcost food sources and to get a better understanding of lipid metabolism in fairy shrimps.
Ongoing studies should enable us to select the species that best metabolize the cheapest feed and to improve the potential of freshwater Anostraca for technical applications in spite of economical restrictions due to the competition with the established market success of Artemia (Dumont and Munuswamy, 1999) .
